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ABSTRACT

Inacloudenvironment,computingresourcesareavailabletousers,andtheypayonlyfortheused
resources.Task scheduling is consideredas themost important issue incloudcomputingwhich
affectstimeandenergyconsumption.Taskschedulingalgorithmsmayusedifferentproceduresto
distributeprecedencetosubtaskswhichproducedifferentmakespaninaheterogeneouscomputing
system.Also,energyconsumptioncanbedifferentforeachresourcethatisassignedtoatask.Many
heuristicalgorithmshavebeenproposedtosolvetaskschedulingasanNP-hardproblem.Mostof
thesestudieshavebeenusedtominimizethemakespan.Bothmakespanandenergyconsumption
areconsideredinthispaperandataskschedulingmethodusingacombinationofculturalandant
colonyoptimizationalgorithmispresentedinordertooptimizethesepurposes.Thebasicideaofthe
proposedmethodistousetheadvantagesofbothalgorithmswhileavoidingthedisadvantages.The
experimentalresultsusingC#languageincloudazureenvironmentshowthattheproposedalgorithm
outperformspreviousalgorithmsintermsofenergyconsumptionandmakespan.
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1. INTROdUCTION

Cloud computing is a popular phenomenon (Chiregi & Navimipour, 2016; Sheikholeslami &
Navimipour,2017)inwhichsharedresourcesarepreparedtoend-usersinanon-demandfashionthat
bringsmanyadvantages,includingdataubiquity,theflexibilityofaccess,highavailabilityofresources,
and scalability (Bouarara, Hamou, Rahmani, & Amine, 2014; Kumar, Ashok, & Subramanian,
2012).Cloudcomputingfocusesoncommercialresourceprovisionandallowscustomerstousethe
computingresourcespresentedbymultipleserviceproviders(Kim&Jo,2016;Mohammadi,2017).
Itisamodelofservicedeliveryandaccessmechanismwherevirtualizedresourcesareprovidedas
aserviceovertheInternet(Milani&Navimipour,2016;AnilSingh,Dutta,&Singh,2014;Sood,
2013).Itfollowsapay-per-usemodelandcanbedynamicallyreconfiguredtosatisfyuserrequests
viaon-the-flyvirtual resources (Navimipour,Rahmani,Navin,&Hosseinzadeh,2015;Vakili&
Navimipour,2017).
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The main problems of cloud computing are dynamism, requiring continuous monitoring of
requests and resources, handling of ever changing requirements, schedules and prices, selecting
appropriateservicesandplanstomeetoverallobjectivesofthecloud(Aznoli&Navimipour,2017;
Chowhan,Shirwaikar,&Kumar,2016).Cloudcomputingpresentsmanyservicestousers(Alami
Milani&JafariNavimipour,2016;Ezugwu,Buhari,&Junaidu,2013)suchasSoftwareasaService
(SaaS)(Alkhanak,Lee,&Khan,2015),InfrastructureasaService(IaaS)(Mehta&Gupta,2013),
PlatformasaService(PaaS)(Shao,Wang,&Mei,2012)andExpertasaservice(EaaS)(Navimipour
etal.,2015).Theseservicescanthenbeaccessedthroughacloudclientwhichcouldbeawebbrowser,
mobileapp,andsoon(Chong,Wong,&Wang,2014).

On the other hand, task scheduling on distributed computing environments such as cloud
computingisaninterestingissue(Keshanchi,Souri,&Navimipour,2017).Inordertoarrangethe
performanceofthetaskinacloud,anefficienttaskschedulerisrequestedinwhichapplications
shoulddivideintosubtasks(Navimipour,2015a,2015b).Thesesubtasksareshownasadirected
acyclicgraph(DAG).Thetypeoftaskschedulinggreatlyaffectstheenergyconsumptionofacloud
datacenter,ifthetaskisnotproperlyscheduledcanincreaseenergyconsumption,thereforeanenergy
awaretaskschedulingcansavelotsofenergy.Inthecloudcomputingenvironment,varioustypesof
usersperformtheirtasks(AartiSingh&Malhotra,2015).Eachofthemhasentirelydifferentresource
requirements(Habibi&Navimipour,2016).

Byconsideringtheimportantroleoftaskschedulingincloudcomputing,thispaperisaimedto
proposeanefficienttaskschedulingalgorithmincludingtwoimportantcriteria,themakespan,and
energyconsumption.Duringthelastfewyears,thehighpriceofenergyconsumptionhasbecome
acritical issue(Koomey,2011)andcloudproviders facedwith thepressureofminimizing their
energyconsumptionaswellastheiramountofCO2emissions.Sinceantcolonyoptimization(ACO)
algorithmhaslongiterationtimeandconvergencetimeisuncertain.Ontheotherhand,thecultural
algorithmhasbeensuccessfullyappliedtooptimizationproblemsandhasadvantagesinovercoming
someweaknessesofconventionaloptimizationmethods(Yang&Gu,2014),theACOalgorithmis
combinedwithaculturalalgorithmtoimprovetheperformanceofthetaskschedulingalgorithmand
dealwiththatissues.Briefly,themainpurposeofthispaperisproposinganewhybridalgorithm
usingtheculturalalgorithmandACOalgorithmforminimizingmakespanandenergyconsumption.

Therestofthispaperisorganizedasfollows.RelatedmechanismsarereviewedinSection2.
AnintroductiontoACOalgorithm,culturalalgorithm,andtheproposedalgorithmarediscussedin
Section3.EmpiricalexperimentsofevaluatingtheimprovedalgorithmareconductedinSection4.
Finally,thepaperconcludesinthelastsection.

2. RELATEd wORK

Since task scheduling is an NP-hard problem, many researchers presented the nature-inspired
optimizationalgorithmsfortaskschedulingincloudenvironments.Inthissection,somestate-of-
the-artmechanismsarediscussedandanalyzed.

Zuo(2015)hasproposedamulti-objectiveoptimizationmethodforsolvingthetaskscheduling
problemincloudcomputing.Theyproposedaresourcecostmodelthatdefinesthedemandoftasks
onresourceswithmoredetails.Thismodelreflectstherelationshipbetweentheuser’sresourcecosts
andthebudgetcosts.Amulti-objectiveoptimizationschedulingmethodhasbeenproposedbased
ontheproposedresourcecostmodel.Thismethodconsidersthemakespanandtheuser’sbudget
costsas limitationsof theoptimizationproblem, toachievemulti-objectiveoptimizationofboth
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